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Abstract  
 
Background: During the last decade, the management of blunt hepatic injury (BHI) has 
considerably changed. Three options are available: non-operative management (NOM), 
transarterial embolization (TAE), and surgery. We aimed to evaluate in a systematic review the 
current practice and outcomes in the management of grade III to V BHI. 
Method: MEDLINE database was searched using PubMed to identify English-language citations 
published after 2000 using the key words blunt, hepatic injury, severe, and grade III to V in 
different combinations. Liver injury was graded according to the AAST classification on 
computed tomography (CT). Primary outcome analyzed was success rate in intention to treat. 
Critical appraisal of the literature was performed using the validated NICE “ Quality Assessment 
for Case series” system. 
Results: Twelve articles were selected for critical appraisal (n=4946 patients). The median 
quality score of articles was 4/8 (range 2-6). Overall, the median ISS score at admission was 26 
(range 0.6-75). A median of 66% (range 0-100%) of patients was managed with NOM with a 
success rate of 94% (range 86-100). TAE was used in only 3% of cases (range 0-72%) due to 
contrast extravasation on CT with a success rate of 93% (range 81-100%), however 9 to 30% of 
patients required a laparotomy. Thirty-one percent (range 17-100%) of patients were managed 
with surgery due to hemodynamic instability in most cases, with 12- 28% requiring secondary 
TAE to control recurrent hepatic bleeding. Mortality was 5% (range 0-8%) after NOM and 51% 
(range 30-68%) after surgery. 
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Conclusions: NOM of grade III to V blunt hepatic injury is the first treatment option to manage 
hemodynamic stable patients. TAE and surgery are considered in a highly selective group of 
patients with contrast extravasation on CT or shock at admission, respectively. Additional 
standardization of the reports is necessary to allow accurate comparisons of the various 
management strategies. 
Level of evidence: Systematic review Level IV 
Key words: blunt; hepatic; injury; management 
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The management of blunt hepatic injury (BHI) has changed since the last century, from 
observation in the early 1900s, to operative interventions, and to the current practice of non-
operative management (NOM), selective surgery or transarterial embolization. The Eastern 
Association for the Surgery of Trauma (EAST) first addressed these issues in the Practice 
management Guidelines for Non-operative management of blunt injury to the liver and spleen 
published in 2003 and updated in 2012 (1, 2). The improved outcome in patients with severe 
liver injury (grade III to V according to the American Association for the Surgery of Trauma 
Organ Injury scale (3)) seen during the last decade has been attributed mainly to the increased 
use of NOM in hemodynamic stable patients, and early use of perihepatic packing in severely 
bleeding patients, including those with juxtahepatic veins injury (4). According to the most 
recent series, 60 to 100% of patients with blunt hepatic injury are currently managed non-
operatively, even in the most severe form with venous injury (5-7).  
 While the outcome of patients with severe blunt hepatic injury is closely related to the 
concomitant injuries (6), the primary management of hepatic injury is still debated. Three 
options are available today: transarterial embolization (TAE), non-operative management 
(NOM), or surgery. Since the majority of studies assessing these 3 different management 
strategies included low-grade blunt hepatic injury (grade I and II) with a mixture of blunt and 
penetrating liver injuries, it is difficult to extrapolate those results to patients with only high-
grade blunt liver injury. The aim of this study was to assess in a systematic review the current 
practice and outcome of the various treatments used in the management of grade III to V blunt 
hepatic injuries. 
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METHODS 
Search strategy 
A systematic literature review on the management of Grade III to V BHI was performed 
based on the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 
(8). MEDLINE database in the Medical library of the University Hospital of Lausanne was 
searched using PubMed (www.pubmed.gov). We considered only articles written in English 
published after 2000 including randomized control trials (RCTs), and retrospective cases or 
cohort studies using the following Medical Subject Headings (MeSH) terms:  
Blunt [All Fields] AND hepatic [All Fields] AND ("wounds and injuries"[MeSH Terms] OR 
("wounds"[All Fields] AND "injuries"[All Fields]) OR "wounds and injuries"[All Fields] OR 
"injury"[All Fields])  
The end of search strategy was December 2013 and last update was in June 2014. 
 
Study inclusion and exclusion criteria 
Only studies reporting data on the management of Grade III to V BHI confirmed by 
angiographic computed tomography (CT) and classified according to the AAST at admission 
were included (3). For patients who underwent surgery, we recorded the intraoperative grade or 
the grade assigned by the CT after surgery. Studies including penetrating trauma were excluded. 
In addition, series including exclusively juxtahepatic venous injury, case reports and series of 
less than 10 patients or pediatrics patients (less than 16 years) were also excluded. 
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Method for quality appraisal 
 Critical appraisal of the studies was considered by study type and data collected 
and potential source of bias were considered. The available published data on the management of 
grade III to V BHI included non-randomized case-comparison series and case series. Therefore, 
those series were assessed using the validated National Institute for Health and Care Excellence 
(NICE) “ Quality Assessment for Case series” system, which assesses characteristics of 
methodology, outcomes and interpretation from a possible score of 8 (9)(SDC 1). 
Data collection process and data analysis 
The first author reviewed the full text reprints of all potentially appropriate articles. The 
following data, where available was extracted from each article: number of participants included 
in the study, demographics data (age, gender), injury severity score (ISS), and the presence of 
concomitant abdominal or extra-abdominal injuries. The grade of liver injury was defined 
according to the American Association for the Surgery of Trauma Organ Injury scale (AAST) 
(3). Where available, the hemodynamic status of patients at admission was also recorded. This 
included the presence of shock at admission (defined as hemodynamic instability despite fluid 
resuscitation or patients requiring catecholamine support to maintain adequate blood pressure) or 
hemodynamic instability responding to initial fluid resuscitation. In series that also included low-
grade injury (i.e. grade I and II), only the available data on grade III to V liver trauma patients 
were collected.  
Patients were divided into 3 groups according to the management of the hepatic injury at 
admission: (1) non-operative management (NOM), (2) transarterial embolization (TAE), and (3) 
surgery. The TAE group was subdivided into 2 groups. Primary TAE when performed at 
admission due to hepatic arterial contrast leak on CT scan. Secondary TAE after failure of NOM 
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or surgery to control bleeding. NOM patients did not undergo operative intervention or 
interventional radiology for hepatic injury within the first 24 hours. NOM was considered a 
failure in patients who needed delayed laparotomy or secondary TAE (more than 24 hours after 
admission) to control liver bleeding. In patients who underwent surgery, the type of hepatic 
procedure was recorded (where available), including the need for minor or major liver resection 
(i.e. < or > than 3 Couinaud’s segment), liver packing, and hepatic veins hemostasis. In addition, 
abdominal compartment syndrome (ACS) requiring laparotomy/laparoscopy, and biliary 
complications requiring surgery or interventional radiology were also recorded in the three 
groups. As the studies were heterogeneous in terms of design and methodology, data pooling and 
meta-analysis was not performed. 
Outcomes analysis 
The primary outcome analyzed was the success rate of NOM, TAE and surgery to control 
hepatic bleeding. Secondary outcome analyzed included the in-hospital mortality rate related to 
the management strategy. Where available, this outcome was divided into liver- or non- liver-
related death. In addition, the morbidity related to NOM, TAE, and surgery were assessed. In 
particular, biliary complications requiring surgery or interventional radiology were analyzed. 
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RESULTS 
The primary search identified 29 articles published between January 2000 and June 2014 
that were screened (Figure 1) (10, 11). A further 17 articles were excluded: 9 that amalgamated 
penetrating and blunt hepatic injury (4, 12-19), 6 where the demographics characteristics and 
outcome of grade III to V blunt hepatic injury was not comprehensively depicted (20-24), and 2 
included exclusively patients with juxtahepatic venous injury (25, 26). 
Overall characteristics of studies included  
Twelve grades III to V blunt hepatic injury management articles including 4946 patients 
(735 male, 656 female, 3555 not specified) were analyzed (Table 1). Median age was 33 (range 
16-95) years. There was 299 grade III, 555 grade IV, 181 grade V, and 3911 grades III to V not 
further specified blunt hepatic injury. The primary management of blunt hepatic injury at 
admission was performed by NOM, TAE, and laparotomy in a median of 66% (range 0-100%), 
3% (range 0-72%), and 31% (range 0-100%) of patients, respectively (Table 1). The median ISS 
score at admission was 26 (range 0.6-75) and was missing in 4 studies (6, 27-29). Twenty two to 
90% of patients were admitted in hemorrhagic shock. However, hemorrhagic shock at admission 
was clearly defined in only half of the series (6, 29-33).  
Two studies included pure hepatic blunt injury with no concomitant intra- or extra- 
abdominal lesions (34, 35). The presence of concomitant abdominal or extra-abdominal injury 
was clearly described in 5 other studies (SDC 2) and ranged from 22 to 55% and 35 to 81%, 
respectively (30) (31, 33, 36, 37). 
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Non-operative management  
A total of 8 studies included hemodynamic stable patients managed with NOM (5, 6, 27, 
31) (34-37). As shown in Table 2, the median success rate of NOM was 92% (range 86-100%). 
Overall, 1 to 5% of NOM treated patients required TAE due to recurrent bleeding more than 24 
hours after admission. The median rate of biliary complications secondary to the hepatic trauma 
was 4% (range 1-8%) with 2 to 5% of patients requiring a laparotomy or laparoscopy for 
abdominal lavage and drainage. The overall 90-day mortality rate after NOM was 5% (range 0-
8%), and the liver-related death was 1% (range 0-4%). 
Transarterial embolization 
A total of 5 studies included patients with TAE due to contrast extravasation on the 
angiographic CT at admission (5) (27, 32, 34, 37). In this group, the hemodynamic profile of 
patients at the time of TAE was not clearly defined. Only 3 studies reported the rate of 
angiogram at admission, which ranged from 24 to 100% of patients (32, 34, 37). In the later 
series, 51 to 100% of patients underwent TAE due to contrast extravasation at angiography. As 
shown in Table 3, the success rate of primary TAE to control bleeding was 93% (range 81-
100%). Biliary complications in this group were described in only one study (sample size n=14) 
and were of 60% (32). ACS after TAE was described in two studies and ranged from 4 to 10% 
(32, 34). Overall, 9 to 30% of patients treated with TAE required a laparotomy for ACS or 
biliary complications. Liver-related mortality after TAE ranged from 0 to 10%. 
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Operative management 
A total of 7 studies included patients treated with surgery at admission (Table 4) (6, 30-
33, 35, 37). Two studies included patients only treated with surgery (30, 33). Indication for 
surgery was hepatic injury in 4 studies (29, 32, 33, 35) and hepatic injury with concomitant 
abdominal injuries in 3 (6, 30) (31). In two series including only patients treated with surgery, 
shock at admission was reported in 81% and 90% of cases, respectively (30, 33). The type of 
hepatic procedure consisted mainly of damaged control surgery with peri-hepatic packing. Other 
intraoperative hepatic procedures recorded included hepatorraphy, segmentectomy, and right/left 
hemi-hepatectomy. According to two studies, the rate of juxtahepatic venous injury observed at 
laparotomy in grade III to V BHI ranges from 12 (5/41 patients) to 84% (37/44 patients) (30, 31). 
In the latter series, the mortality rate related to juxtahepatic venous injury was 12 (5/41 patients) 
and 57% (25/44 patients), respectively (Table 4). Twelve to 28% of patients required TAE after 
surgery to control either persistant bleeding despite perihepatic packing or recurrent hepatic 
bleeding secondary to hepatic artery pseudoaneurysm (32, 33). The overall complication rate 
after primary hepatic surgery was 58% (range 15-100), mainly related to bile leakage, liver 
failure, abscess formation, pulmonary complications, and severe head injuries. Biliary 
complications after surgical management were clearly described in 3 studies (30, 32, 33). In the 
first study, 1 patient over 14 survivors (7%) developed a bile leak and the mean number of 
resected segments was 2.2 (range 0 to 59), while in total 8 patients required a lobectomy or 
extended lobectomy and 9 a hepatorrhaphy (30). In the second study, 4 patients underwent a 
packing procedure and all of them developed a postoperative bile leak (32). Finally in the third 
study, 1 biliary leak occurred among 28 survivors (4%) (33). In the latter study, all patients 
underwent perihepatic packing procedure during surgery. Thirty three percent of the 
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laparotomies were associated with hepatorrhaphy and 19% with selective hepatic artery ligation. 
The overall mortality rate after surgery was 51% (range 30-68), and the liver-related mortality 
was 31% (range 14-50). 
Quality appraisal of included studies 
The studies included in the systematic review were associated with significant bias in 
term of data reporting, selection criteria and follow-up. Due to the heterogeneity of these studies, 
the critical appraisal of the literature precluded the use of meta-analytical assessment. According 
to the NICE quality assessment system, a median score of 4/8 (range 2-6) was attributed to the 
12 publications included in this systematic review (Figure 2). All studies were case series. Of 
note, one author performed two studies, but one originates from two different centers (5) and the 
second included seven level-one trauma centers (27). All studies were conducted using data 
extracted from clinical notes, and only one was based on national administrative data (35). There 
were 5 multicenter studies (i.e. two or more centers) (5, 27, 31, 35, 37) and the data were 
collected prospectively in only one study (34).  
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Discussion 
 
This systematic review highlights that NOM can be used in most of the hemodynamic 
stable patients with grade III to V blunt hepatic injury. Selective TAE is indicated in cases of 
contrast extravasation on the angiographic CT scan, while up to 30% of patients admitted will 
require emergency surgery because of either hemodynamic instability or suspicion of 
concomitant intra-abdominal injuries. 
The non-operative management of blunt hepatic injury is currently the standard of care in 
hemodynamic stable patients in the majority of level-one trauma centers with reported success 
rate ranging from 82% to 100%, particularly in cases of low-grade liver injury (i.e. grade I and 
II) (23, 38-40). However, the data in high-grade liver injury (i.e. grade III to V according to the 
AAST) are scarce. Most series amalgamate blunt and penetrating trauma with a mixture of grade 
I to V injuries, leaving 12 retrospective studies during the last decade that analyzed pure high-
grade blunt hepatic injury with relative comprehensive results on outcome. The analysis of these 
studies showed that high grade liver injury does not preclude the use of NOM providing the 
patient is hemodynamic stable; the overall mortality risk in these patients ranged from 0 to 8%, 
with a median liver related death of 1%. Interestingly, only 1 to 5% of NOM patients required 
transarterial embolization due to secondary liver bleeding after admission. Those results are 
obtained by the careful assessment of the patients at admission, in particular the use of 
angiographic CT scan in all hemodynamic stable patients. Indeed, it is now well accepted that 
the integration of CT in early trauma-room management with the use of NOM in hemodynamic 
stable patients results in improved survival after liver trauma (18). In addition, contrast 
extravasation on angiographic CT scan, a sign of active bleeding, has been reported as a risk 
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factor for NOM failure (41). However, contrast leakage after blunt hepatic injury is not always a 
definite sign of NOM failure, since others have shown that early transarterial embolization is an 
effective adjunct of NOM, even in cases with contrast leakage in the peritoneum (20). Finally, 
NOM is associated with a low rate of biliary complications (4%) with only 2 to 5% of patients 
requiring a laparotomy or laparoscopy for abdominal lavage and drainage. Therefore, it seems 
that NOM should be the first choice to treat hemodynamic stable patients admitted with grade III 
to V blunt hepatic injury. However, a close follow-up of these patients is mandatory due to a  
risk as high as 5% of late bleeding after NOM (i.e. more than 24 hours after admission) that can 
be managed successfully with TAE. 
Overall, a median of 3% of patients underwent TAE at admission due to contrast 
extravasations in the liver or in the peritoneum at angiographic CT scan, with a success rate 
ranging from 81 to 100% (5, 27, 32, 34, 37). Of note, only 3 studies reported the rate of 
angiogram at admission, which ranged from 24 to 100% of patients (32, 34, 37). In the latter 
series, 51 to 100% of patients underwent TAE due to contrast extravasations at angiogram. 
Although CT scan next to trauma room may be of obvious benefit, it was not possible to find any 
convincing data to support this statement. One study describes biliary complication up to 60% in 
the group of TAE (32). Overall, 9 to 30% of patients in this group required laparotomy for 
abdominal compartment syndrome, biliary complications, or concomitant abdominal injuries.  
The analysis of the studies dealing with operative management should be considered with 
caution since patients included had higher ISS score with hemodynamic shock in up to 90% of 
cases (30, 33). Those studies advocate early laparotomy to control bleeding and possible 
concomitant intraabdominal injuries. Most complications after operative management were 
related to bile leakage, abscess, and pulmonary infection (6, 30). In addition, 12 to 28% of 
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patients required TAE after surgery to control either persistant bleeding immediately after 
perihepatic packing or recurrent bleeding up to 3 weeks after surgery (due to hepatic artery 
pseudoaneurysm) (32, 33). Of note, there is insufficient data to establish a clear association 
between surgical strategy and postoperative bile leak. The operative management of severe blunt 
hepatic injury is then indicated in a highly selected group of patients who are admitted in the 
trauma-room with hemodynamic instability and possibly associated other abdominal injuries. Of 
note, mortality rate increased considerably in patients with concomitant cerebral injury (31). 
Juxtahepatic venous injury is also a strong factor to liver-related death after blunt hepatic trauma. 
According to series including grade III to V hepatic trauma, juxtahepatic venous injury occurs in 
up to 12% of patients. In one single series including grade V trauma, it occurs in 84% of patients 
(30). This life threatening complication has to be recognized promptly as even with early 
operative management, mortality ranges from 50 to 100% (25, 31). Interestingly, the right 
hepatic vein is most commonly injured in these patients (25). This high mortality could be 
explained by the location of the right hepatic vein in the thickest and least mobile portion of the 
liver, making its access more challenging than on the left side, especially in shock situation. The 
Western Trauma Association has recently proposed an algorithm for the surgical management of 
blunt hepatic trauma (42). This algorithm includes different strategies for minor and major 
bleeding, including packing with or without Pringle maneuver. Vascular isolation with shunting 
procedure or selective hepatic artery ligation may be used in severe cases with juxtahepatic 
venous injury or uncontrolled arterial bleeding, respectively. 
The present study has obviously several limitations that need to be addressed. The study 
was based on data collection from several heterogeneous retrospective series, precluding the use 
of metaanalytic material. However, randomized control trials in the setting of severe trauma 
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patients can hardly be performed for ethical reasons.  Since the first guidelines published in 2003 
by the Eastern Association for the Surgery of Trauma (EAST) in the practice management 
guidelines for non-operative management of blunt hepatic injury (1), a large volume of literature 
on this topic has been published. This study confirms that NOM can be used safely as standard 
treatment even in high-grade liver trauma, provided hemodynamic stability of patients at 
admission and the availability of angiogram with TAE at any time. Surgery is limited to patients 
with hemodynamic instability or concomitant abdominal injuries. However, the critical appraisal 
of the literature published the last decade demonstrates the low quality in reporting outcomes 
after management of grade III to V blunt hepatic injury. According to the NICE “Quality 
Assessment for Case series” system, inclusion and exclusion criteria are poorly reported in the 
different series included in this systematic review. In addition, the definition of shock at 
admission is multiple and lacks standardization. Future studies should aim to mention the rate of 
angiogram performed at admission that did not end with TAE. A clear description of venous 
versus arterial hepatic injuries should be addressed since the management of those vascular 
injuries is different. Finally, more studies with homogeneity in patients’ characteristics at 
admission are needed in order to assess with more accuracy the different treatment options. 
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In conclusion, the non-operative management of grade III to V blunt hepatic injury 
should be considered as the first treatment to manage hemodynamic stable patients. TAE is 
indicated in patients with contrast extravasations on the angiographic CT at admission, or in 
patients who failed NOM. Surgery has to be considered in a highly selected group of patients 
with shock at admission and/or suspicion of other abdominal organ injuries, because there is no 
other option available.  Additional standardization of the reports on this topic is recommended to 
allow accurate comparisons of the various management strategies in the future. There is then an 
urgent need for an international consensus on reporting results after severe blunt hepatic trauma 
that should be endorsed by the AAST and ESTES. 
 
 
 
Authors’ contribution 
E.M. designed the study, performed the systematic review, analyzed the data, and wrote the 
manuscript. 
A.D. reviewed and evaluated the data, and edited the manuscript. 
N.D. reviewed the data and edited the manuscript. 
  
 17 
References 
1. Practice management Guidelines for Non-operative management of blunt injury to the 
liver and spleen. Practice Management Guidelines Work Group. Available from: 
https://www.east.org/content/documents/livspleen.pdf. 
2. Stassen NA, Bhullar I, Cheng JD, Crandall ML, Friese RS, Guillamondegui OD, Jawa 
RS, Maung AA, Rohs TJ Jr, Sangosanya A, et al. Nonoperative management of blunt hepatic 
injury: an Eastern Association for the Surgery of Trauma practice management guideline. The 
journal of trauma and acute care surgery. 2012;73(5 Suppl 4):S288-93. 
3. Moore EE, Cogbill TH, Jurkovich GJ, Shackford SR, Malangoni MA, Champion HR. 
Organ injury scaling: spleen and liver (1994 revision). The Journal of trauma. 1995;38(3):323-4. 
4. David Richardson J, Franklin GA, Lukan JK, Carrillo EH, Spain DA, Miller FB, Wilson 
MA, Polk HC Jr, Flint LM. Evolution in the management of hepatic trauma: a 25-year 
perspective. Annals of surgery. 2000;232(3):324-30. 
5. Kozar RA, Moore JB, Niles SE, Holcomb JB, Moore EE, Cothren CC, Hartwell E, 
Moore FA. Complications of nonoperative management of high-grade blunt hepatic injuries. The 
Journal of trauma. 2005;59(5):1066-71. 
6. Schnuriger B, Inderbitzin D, Schafer M, Kickuth R, Exadaktylos A, Candinas D. 
Concomitant injuries are an important determinant of outcome of high-grade blunt hepatic 
trauma. The British journal of surgery. 2009;96(1):104-10. 
7. Duane TM, Como JJ, Bochicchio GV, Scalea TM. Reevaluating the management and 
outcomes of severe blunt liver injury. The Journal of trauma. 2004;57(3):494-500. 
8. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche PC, Ioannidis JP, Clarke M, 
Devereaux PJ, Kleijnen J, Moher D. The PRISMA statement for reporting systematic reviews 
and meta-analyses of studies that evaluate healthcare interventions: explanation and elaboration. 
Bmj. 2009;339:b2700. 
9. National Institute for Health and Care Excellence. Appendix 4: Quality Assessment for 
Case Series. 
http://www.nice.org.uk/nicemedia/pdf/Appendix_04_qualityofcase_series_form_preop.pdf 
[accessed November 2013]. 
10. Ochiai T, Igari K, Yagi M, Ito H, Kumagai Y, Iida M, Matsumoto A, Kumada Y, 
Shinohara K, Yamazaki S. Treatment strategy for blunt hepatic trauma: analysis of 183 
consecutive cases. Hepato-gastroenterology. 2011;58(109):1312-5. 
11. Li Petri S, Gruttadauria S, Pagano D, Echeverri GJ, Di Francesco F, Cintorino D, Spada 
M, Gridelli B. Surgical management of complex liver trauma: a single liver transplant center 
experience. The American surgeon. 2012;78(1):20-5. 
12. Asensio JA, Petrone P, Garcia-Nunez L, Kimbrell B, Kuncir E. Multidisciplinary 
approach for the management of complex hepatic injuries AAST-OIS grades IV-V: a prospective 
study. Scandinavian journal of surgery : SJS : official organ for the Finnish Surgical Society and 
the Scandinavian Surgical Society. 2007;96(3):214-20. 
13. Sriussadaporn S, Pak-art R, Tharavej C, Sirichindakul B, Chiamananthapong S. A 
multidisciplinary approach in the management of hepatic injuries. Injury. 2002;33(4):309-15. 
14. Misselbeck TS, Teicher EJ, Cipolle MD, Pasquale MD, Shah KT, Dangleben DA, 
Badellino MM. Hepatic angioembolization in trauma patients: indications and complications. 
The Journal of trauma. 2009;67(4):769-73. 
 18 
15. Polanco P, Leon S, Pineda J, Puyana JC, Ochoa JB, Alarcon L, Harbrecht BG, Geller D, 
Peitzman AB. Hepatic resection in the management of complex injury to the liver. The Journal 
of trauma. 2008;65(6):1264-9; discussion 9-70. 
16. Asensio JA, Roldan G, Petrone P, Rojo E, Tillou A, Kuncir E, Demetriades D, Velmahos 
G, Murray J, Shoemaker WC, et al. Operative management and outcomes in 103 AAST-OIS 
grades IV and V complex hepatic injuries: trauma surgeons still need to operate, but 
angioembolization helps. The Journal of trauma. 2003;54(4):647-53; discussion 53-4. 
17. Mohr AM, Lavery RF, Barone A, Bahramipour P, Magnotti LJ, Osband AJ, Sifri Z, 
Livingston DH. Angiographic embolization for liver injuries: low mortality, high morbidity. The 
Journal of trauma. 2003;55(6):1077-81; discussion 81-2. 
18. Petrowsky H, Raeder S, Zuercher L, Platz A, Simmen HP, Puhan MA, Keel MJ, Clavien 
PA. A quarter century experience in liver trauma: a plea for early computed tomography and 
conservative management for all hemodynamically stable patients. World journal of surgery. 
2012;36(2):247-54. 
19. Prichayudh S, Sirinawin C, Sriussadaporn S, Pak-Art R, Kritayakirana K, Samorn P, 
Sriussadaporn S. Management of liver injuries: Predictors for the need of operation and damage 
control surgery. Injury. 2014; 45(9):1373-7. 
20. Huang YC, Wu SC, Fu CY, Chen YF, Chen RJ, Hsieh CH, Wang YC, Huang HC, Huang 
JC, Lu CW. Tomographic findings are not always predictive of failed nonoperative management 
in blunt hepatic injury. American journal of surgery. 2012;203(4):448-53. 
21. Malhotra AK, Fabian TC, Croce MA, Gavin TJ, Kudsk KA, Minard G, Pritchard FE. 
Blunt hepatic injury: a paradigm shift from operative to nonoperative management in the 1990s. 
Annals of surgery. 2000;231(6):804-13. 
22. Karim T, Topno M, Reza A, Patil K, Gautam R, Talreja M, Tiwari A. Hepatic trauma 
management and outcome; Our experience. The Indian journal of surgery. 2010;72(3):189-93. 
23. Velmahos GC, Toutouzas K, Radin R, Chan L, Rhee P, Tillou A, Demetriades D. High 
success with nonoperative management of blunt hepatic trauma: the liver is a sturdy organ. 
Archives of surgery. 2003;138(5):475-80; discussion 80-1. 
24. Scollay JM, Beard D, Smith R, McKeown D, Garden OJ, Parks R. Eleven years of liver 
trauma: the Scottish experience. World journal of surgery. 2005;29(6):744-9. 
25. Liu PP, Chen CL, Cheng YF, Hsieh PM, Tan BL, Jawan B, Ko SF. Use of a refined 
operative strategy in combination with the multidisciplinary approach to manage blunt 
juxtahepatic venous injuries. The Journal of trauma. 2005;59(4):940-5. 
26. Berney T, Morel P, Huber O, Zurbuchen P, Mentha G. Combined midline-transverse 
surgical approach for severe blunt injuries to the right liver. The Journal of trauma. 
2000;48(2):349-53. 
27. Kozar RA, Moore FA, Cothren CC, Moore EE, Sena M, Bulger EM, Miller CC, 
Eastridge B, Acheson E, Brundage SI, et al. Risk factors for hepatic morbidity following 
nonoperative management: multicenter study. Archives of surgery. 2006;141(5):451-8; 
discussion 8-9. 
28. Gourgiotis S, Vougas V, Germanos S, Dimopoulos N, Bolanis I, Drakopoulos S, Alfaras 
P, Baratsis S. Operative and nonoperative management of blunt hepatic trauma in adults: a 
single-center report. Journal of hepato-biliary-pancreatic surgery. 2007;14(4):387-91. 
29. Letoublon C, Chen Y, Arvieux C, Voirin D, Morra I, Broux C, Risse O. Delayed 
celiotomy or laparoscopy as part of the nonoperative management of blunt hepatic trauma. 
World journal of surgery. 2008;32(6):1189-93. 
 19 
30. Chen RJ, Fang JF, Lin BC, Hsu YP, Kao JL, Chen MF. Factors determining operative 
mortality of grade V blunt hepatic trauma. The Journal of trauma. 2000;49(5):886-91. 
31. Leppaniemi AK, Mentula PJ, Streng MH, Koivikko MP, Handolin LE. Severe hepatic 
trauma: nonoperative management, definitive repair, or damage control surgery? World journal 
of surgery. 2011;35(12):2643-9. 
32. Monnin V, Sengel C, Thony F, Bricault I, Voirin D, Letoublon C, Broux C, Ferretti G. 
Place of arterial embolization in severe blunt hepatic trauma: a multidisciplinary approach. 
Cardiovascular and interventional radiology. 2008;31(5):875-82. 
33. Lin BC, Fang JF, Chen RJ, Wong YC, Hsu YP. Surgical management and outcome of 
blunt major liver injuries: experience of damage control laparotomy with perihepatic packing in 
one trauma centre. Injury. 2014;45(1):122-7. 
34. Hagiwara A, Murata A, Matsuda T, Matsuda H, Shimazaki S. The efficacy and 
limitations of transarterial embolization for severe hepatic injury. The Journal of trauma. 
2002;52(6):1091-6. 
35. Polanco PM, Brown JB, Puyana JC, Billiar TR, Peitzman AB, Sperry JL. The swinging 
pendulum: a national perspective of nonoperative management in severe blunt liver injury. The 
journal of trauma and acute care surgery. 2013;75(4):590-5. 
36. Zago TM, Tavares Pereira BM, Araujo Calderan TR, Godinho M, Nascimento B, Fraga 
GP. Nonoperative management for patients with grade IV blunt hepatic trauma. World journal of 
emergency surgery : WJES. 2012;7 Suppl 1:S8. 
37. van der Wilden GM, Velmahos GC, Emhoff T, Brancato S, Adams C, Georgakis G, 
Jacobs L, Gross R, Agarwal S, Burke P, et al. Successful nonoperative management of the most 
severe blunt liver injuries: a multicenter study of the research consortium of new England centers 
for trauma. Archives of surgery. 2012;147(5):423-8. 
38. Brasel KJ, DeLisle CM, Olson CJ, Borgstrom DC. Trends in the management of hepatic 
injury. American journal of surgery. 1997;174(6):674-7. 
39. Coimbra R, Hoyt DB, Engelhart S, Fortlage D. Nonoperative management reduces the 
overall mortality of grades 3 and 4 blunt liver injuries. International surgery. 2006;91(5):251-7. 
40. Velmahos GC, Toutouzas KG, Radin R, Chan L, Demetriades D. Nonoperative treatment 
of blunt injury to solid abdominal organs: a prospective study. Archives of surgery. 
2003;138(8):844-51. 
41. Fang JF, Wong YC, Lin BC, Hsu YP, Chen MF. The CT risk factors for the need of 
operative treatment in initially hemodynamically stable patients after blunt hepatic trauma. The 
Journal of trauma. 2006;61(3):547-53; discussion 53-4. 
42. Kozar RA, Feliciano DV, Moore EE, Moore FA, Cocanour CS, West MA, Davis JW, 
McIntyre RC Jr. Western Trauma Association/critical decisions in trauma: operative 
management of adult blunt hepatic trauma. The Journal of trauma. 2011;71(1):1-5.  
 20 
 
Figures legend 
 
Figure 1: PRISMA diagram showing selection of articles for the review. 
Figure 2: Items addressed according to the National Institute for Health and Care Excellence 
(NICE) “ Quality Assessment for Case series” system, which assesses characteristics of 
methodology, outcomes and interpretation from a possible score of 8 (one point is attributed for 
each question addressed). 
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Figure 1: PRISMA diagram showing selection of articles for the review. 
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Figure 2: Items addressed according to the National Institute for Health and Care Excellence 
(NICE) “ Quality Assessment for Case series” system, which assesses characteristics of 
methodology, outcomes and interpretation from a possible score of 8 (one point is attributed for 
each question addressed). 
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